We surveyed directors of medical technology (MI) and postdoctoral clinical chemistry (CC) training programs and of clinical pathology (CP) and combined anatomic! clinical pathology (AP/CP) residency programs regarding the number, quality, training emphasis, and job-placement experience of trainees for 1985-95 as well as the directors' opinions on the impact of "healthcare reform." Responses were received from directors of 94 of 249 (38%) MT programs, 14 of 15 (93%) CC programs, and 63 of 138(46%) pathology residency programs. In all four categories the numbers of trainees have increased steadily over the last 5 to 7 years but are expected to remain stable or decrease slightly. Directors of MT and CC programs expect increasing difficulty placing their graduates; directors of AP/CP and CP residency programs do not. Although >60% of MT graduates have entered private hospitals, this is anticipated to decrease, with a concomitant increase in university hospital placements. Of the AP/CP residents, >60% and <5% accepted service-and research-oriented positions, respectively. In contrast, 83% of CP residents entered university hospitals, with half of these taking research-oriented positions. Among CC graduates, 41% joined university hospitals and 10-15% accepted positions in each of either private hospitals or industry or reference laboratories. The emphasis of training varies, with clinical service and pathophysiology the major focus in AP/CP programs. CP and CC programs take two distinct approaches-some accentuating management, and others emphasizing research. Finally, MT program directors appear the most optimistic regarding the opportunities that healthcare reform may present.
and less money available to pay for the increased coverage. Indeed, recognition of this basic tenet has already resulted in changes throughout the nation (3) (4) (5) (6) . Mergers, consolidations, and managed care are rapidly becoming the norm. For instance, in St. Louis, 29 area hospitals have joined one of three "alliances" (7), and other well-publicized mergers are occurring throughout the nation (8) . As hospitals consolidate into vertically integrated systems, consisting of one or two tertiary-care centers with multiple community or primary-care facilities, it seems probable that clinical laboratories will also undergo some consolidation (5, 6) . The impact of these trends on the clinical laboratory profession and on the training of future clinical pathologists, clinical chemists, and medical technologists is unclear.
During the last decade, future shortages of community pathologists (9) , academic pathologists (10, 11) , clinical chemists (12) , and medical technologists (13) have been predicted, although not unanimously (14) . In response to these predictions, some organizations and their leaders have urged expansion of training programs. In marked contrast, a recent study suggests that the current number of pathologists far exceeds the need in a managed-care environment and that 6-7 years of training zero pathologists would be necessary before the excess was eliminated (15) . Thus, major questions exist concerning the number of clinical laboratory practitioners that will be needed and the proper size and number of training programs. Besides the debate about the appropriate number of trainees, discussion has been considerable within the clinical laboratory professions regarding curricula and areas of emphasis for training future clinical laboratory scientists (16) (17) (18) .
To obtain a collective assessment of trends and opinions regarding these issues, we surveyed directors of training programs in medical technology (MT), clinical chemistry (CC), and clinical pathology (CP).3
Materials and Methods

Survey Participants
Two hundred forty-nine directors of MT programs were randomly selected from 441 programs listed in reported that the largest number of students were enrolled in 1985 (922). A marked decrease in students was reported during the late 1980s, reaching a nadir of 743 in 1989. The number of MT students in these programs has since recovered somewhat, to 888 students in 1993. A similar decrease was reported in the number of CC postdoctoral trainees in the mid-'80s ( Fig. 1B) but this too appears to have partially rebounded. All but two of the CC programs train one or fewer fellows per year. One CC program averages three fellows per year and another trains two. In the 45 AP/CP programs for which the directors responded for all years, the number of residents steadily increased from 149 in 1985 to 191 in 1993 (Fig. 1C) . Interestingly, 16 program directors predict they will train fewer residents in 1995. The number of CP-only residents in 13 programs also increased over this period (Fig. 1D) positions for the years indicated in Fig. 2A . Over 60% of MT graduates take positions in private hospitals; the next most frequent type of position taken is in university hospitals, followed by reference laboratories and government hospitals. Over the last 10 years, <5% of MT graduates took industry jobs or pursued additional training.
The pattern of first positions taken by MT graduates changed little during 1985-93, but the program directors predicted that fewer MT graduates will take private hospitals jobs in the future.
Directors of AP/CP programs (n = 42) indicated where 878 residents obtained their first positions (Fig.  2B) . When the categories of private hospital, university hospital/primary service, and private practice are combined, 55-65% of all AP/CP residents enter serviceoriented positions every year. The next largest group (25-35%) of AP/CP residents enter subspecialty training. Interestingly, the number of AP/CP residents entering subspecialty training increased steadily from 1985 to 1993 but is predicted to decrease dramatically in the future. Few AP/CP residents (2-7%) entered positions with research as the primary activity. Figure 2C depicts the types of positions that 66 CP residents from 10 programs entered in the odd-numbered years between 1985 and 1993. During this time, 83% of these CP residents accepted positions at university medical centers, with half (42% of all) in primary service responsibilities and the other half (41% of all) having primarily research responsibilities.
The yearto-year variability in the types of positions accepted by graduating CP residents is most likely a result of the small number of CP residents (10-14 each year) entering the workplace. Nevertheless, in recent years, more CP residents apparently accepted research-oriented positions-a trend that is predicted to continue. Year-to-year variability was also observed in the types of positions accepted by 75 clinical chemists completing postdoctoral training from 10 programs (Fig. 2D) (Fig. 4) . Some included a qualifier to their responses, such as section chief, section head, or section or assistant director. We included these titles in the results of Fig.  4 because our intent was to examine the trends in the numbers of total MD and PhD staff positions having >20% clinical service responsibilities.
Because of the distinct patterns of job advertisements in Fig. 3 , responses were divided into those from program directors located in 59 private hospitals (44 MT, 16 AP/CP, and 2 CC programs) and those located in 42 medical schools (6 MT, 17 AP/CP, 10 CP, and 12 CC programs). At these training institutions, the number of MD/PhD and MD positions has increased since 1989 and is expected to continue increasing, particularly at medical schools. The number of PhD positions, however, has been stable and is expected to remain stable through 1997 at both private hospitals and medical schools that operate training programs, in the opinion of these respondents. During the clinical year, the major emphases for future MT students clearly are technical training, quality assurance, and pathophysiology-and there is generally good agreement between the ranking of future importance and the current percentage of effort in MT programs. Comparing the averages for the percentages of effort in 1985-89 (not shown in Table 3 ) with those anticipated for the period 1995-99 (not shown), technical (52-41%) and pathophysiology (24-20%) are predicted to decrease, whereas increases in effort are predicted for management (4-9%), quality assurance (6-11%), and regulatory issues (2-6%). The responses of 43 AP/CP residency directors agreed well regarding future importance rank and current percent of effort (Table 3) . These AP/CP program directors collectively believe that the most important areas of emphasis in laboratory medicine for training the future pathologist are clinical service and pathophysiology.
The percentage of effort is expected to increase slightly (up 2-3%) for management and informatics, with a concomitant decrease in pathophysiology, according to the 36 directors who responded to questions about the percentage of effort for 1995-99 (not shown).
In contrast to AP/CP programs, directors of CP-only programs rank research along with clinical service as most important (Table 3) . Indeed, taken together, the percentage of effort in all three categories of research constitute by far the largest effort by CP residents (38%). Among the 10 CP program directors who provided answers for percent of effort during the period 1995-99, minor (-2%) increases are predicted in effort for quality assurance, management, and regulatory areas with a parallel decrease in service. Compared 5) and several other categories. In general, those rating management and other management-related areas such as regulatory issues and quality assurance high, ranked basic research and test-utilization issues low. The converse was also true, with those ranking basic research high generally ranking management very low. Weighting responses by the number of CP residents per year in each program had little effect on the data in Table 3 (not shown).
Responses of the directors of CC postdoctoral programs demonstrated a similar dichotomy of approaches to training (Fig. 5 ). For instance, the three programs that ranked basic research 8 in importance also ranked test utilization high but ranked management <5 (Fig. 5) . Of all types of programs surveyed, responses from CC program directors showed the least agreement between future importance and current percent of effort (Table 3) . Furthermore, despite the high ranking of areas such as quality assurance and clinical service, the directors do not collectively predict any increase in effort in these areas (not shown). Applying a correction factor to take into consideration the number of fellows in each program did not dramatically alter the rankings shown in Table 3 (not shown).
General perceptions of program directors.
The responses of program directors to the three statements regarding the impact of healthcare reform are depicted in Table 4 . Several trends and collective opinions are evident. First, the majority of directors of all four types of programs agree that changes are coming to the field of laboratory medicine. Second, most directors do not feel that the field of laboratory medicine itself is threatened.
However, there is certainly a subpopulation of directors of AP/CP residencies (30%) and MT programs (22%) who question the continued existence of laboratory medicine as a discipline. Finally, within the group as a whole, MT program directors are the most optimistic that the forthcoming changes in healthcare represent an opportunity for growth.
Among the others, about half of the directors feel that opportunities will be present, and half do not.
Discussion
The responses depicted here are highly representative of each type of training program.
For instance, the 38% response rate from MT program directors represented programs involving -=750-950 MT students per year. Furthermore, the decrease in the number of students at these programs, beginning in the mid-'80s and recovering in recent years, is virtually identical to the pattern observed by the American Society of Clinical Pathologists
Board of Registry for the number of students certified during this time period (19 Several hypotheses have been proposed to explain the temporary decrease in the number of MT students and applicants (Fig. 1A) in the mid-to late-'80s.
Two that seem logical are: (a) the initiation of DiagnosisRelated Groups for reimbursement purposes in the early '80s, which resulted in a temporary freeze on expansion in healthcare, similar to that seen currently; and (b) the widely publicized topic of bloodborne pathogens among healthcare workers, which made less desirable a career that required Values shown are the numbers of program directors who responded to these questions as indicated in each column.
directors of MT programs appear to be the most optimistic group about the future ( Fewer than half believe that the impending changes in healthcare present an opportunity (Table 4) . Their placement experience is the lowest among program directors and is expected to decline further. Furthermore, 10 of 14 CC program directors were concerned about future funding for their programs (data not shown). Interestingly, 3 of the 4 directors not concerned about future funding derive resources for their programs from grants or contracts, whereas all those concerned about future funding depend on either hospital or departmental funds. Despite these concerns, almost all CC program directors report that both the number and the quality of the applicants are increasing-which may be related to the 15% reduction in workforce in the biotechnology industry since 1991 (21) . There remains a demand for the few formally trained clinical chemists-the number of CC trainees accepting positions each year being essentially equivalent to the number of trainees-but there is no evidence for an increased demand (Figs. 3 and 4) . The stable numbers of positions suggests that PhD clinical chemists receiving formal, certifiable training will have a distinct advantage over the PhDs receiving on-the-job training, a departure from the past. Clearly, different approaches in the emphasis of CC training are being taken (Fig. 5) . Despite general agreement among programs about a strong emphasis toward service, pathophysiology, and technical training, there is an inverse relationship between emphasis on basic research and test utilization vs emphasis on management and related areas. A focus on research is justified by the types of positions taken (41% in universities since 1985) and those advertised (Fig. 3) , whereas the managed care setting will likely require management skills. The recent increase in CP residents is not predicted to continue, but the quality of applicants is expected to remain high, and their ability to acquire positions is expected to still be good. The most remarkable observation among the CP residents is that 83% obtained positions in university-affiliated hospitals, with essentially equal numbers of these engaged primarily in research and service. However, a recent trend toward increased commitment to research at the expense of service responsibilities is also evident (Fig. 2C) . Analogous to the CC programs, CP training programs are divided into two groups: those that train residents for basic research, and those that emphasize management. Indeed, incorporation of formal management into CP training (22) (23) (24) and the extent of research emphasis (25) have been topics of much discussion (16) . CP program directors were evenly divided as to whether the forthcoming changes would result in growth of the discipline.
Responses from AP/CP programs represented 10 times more residents than CP program responses. In general, AP/CP programs were similar to CP programs in the high quality of first-year residents and in their ready ability to obtain jobs. Indeed, recent data suggest that, on average, each pathology resident receives 2.5 job offers (26) . In contrast to CP residents, only 25% of AP/CP residents go directly to university-affiliated hospitals, and <5% start in predominantly research positions. Thus, it is not surprising that AP/CP programs devote very little effort or importance to research (see Table 3 ) and that the major focus in training is directed toward service responsibilities and pathophysiology.
Fewer AP/CP residents are seeking subspecialty training, which seems consistent with the anticipation of fewer specialists in the managed-care environment (15) . Responses of directors of AP/CP training programs were similar to those of CP program directors regarding the impact of changes in healthcare on laboratory medicine.
The data obtained from this survey reveal the current status of training of clinical laboratory scientists and the nature of positions initially accepted by trainees upon graduation.
In addition, directors of training programs have indicated their expectations of the impact of healthcare reform.
The directors anticipate neither a significant increase nor a decrease in the number of trainees in the various programs. Moreover, the number of staff at academic institutions is predicted to remain stable, thereby justifring some optimism. Overall, we hope that these data will help those involved in training to make informed decisions on the future of clinical laboratory medicine in the US.
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